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Abstract 
Aiming at the problem that resonance phenomenon of materials have harmful effects for stability and precision of 
system, Fiber Bragg Grating (FBG) was used as sensors and piezoelectric ceramics as actuators to study the active 
vibration control for the resonance of the smart beam. For getting the resonant frequency, the experimental mode 
analysis for the smart beam is done by the TestLab from LMS. Two groups of piezoelectric ceramics will be used for 
vibration exciter and vibration abatement, respectively. The fiber smart beam is excited to a sharp vibration nearby 
the particular resonance frequency by controlling the frequency of the vibration excitation.  The vibration signal is 
measured by the FBG sensors and the close loop feedback control is fulfilled by the vibration abatement group, and 
the vibration amplitude of the fiber smart beam is abated. The experiment results show that the resonance amplitude 
of the beam is obviously abated by adjusting the frequency, amplitude and phase of the vibration abatement circuit. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
With the rapid development of science and technology, there are many higher requirements which are
proposed for the accuracy of structural vibration control [1]. Nowadays, large-scale, low stiffness and 
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flexible is one of the important developing trends of the spacecraft structure [2]. These large modular 
space stations, solar panels, satellite antennas, optical system and its supporting structure, space 
manipulators, etc. are required to run in a long period of time ensuring a high running accuracy. The 
competition of "air supremacy" will be intensified in the future of human society. The combating air 
space of air force is in outer space which puts forward higher requirements for the accuracy and stability 
of weapon platforms, especially that light mechanical and electrical integration systems, such as laser 
platform, need to control the micron vibration, so there are higher requirements for the environment and 
the vibration control of system vibration source. In addition, there are extremely strict requirements for 
vibration suppression in these precessions such as chip processing, ultra-precision machine tools, 
precision measuring instruments and electronic processing equipments [3-4], while the traditional passive 
structure and active vibration control can’t meet these demands, new structures and control methods must 
be used. 
In this context, the application of intelligence structure and intelligent control algorithm for active 
vibration control of production based on new smart materials are produced and developed. The so-called 
active vibration control is to use some control policies to drive actuator according to the detected 
vibration signal in the process of vibration control so as to achieve the purpose of inhibiting or 
eliminating vibration [1]. Active vibration control has broad application prospects because of the 
advantages such as good effect and adaptability. There have been extensive researches about vibration 
control using piezoelectric ceramics or the smart structures of piezoelectric thin film to drive flexible 
robotic arm and flexible structure [5-7].
In this paper, an active vibration control system based on smart piezoelectric materials is established 
and an active control system of vibration suppression using FBG sensors and piezoelectric actuators is 
presented realizing the inhibition of vibration amplitude near the resonance frequency for the smart beam. 
2 The experimental platform of active control system for smart beam  
2.1 The modal experiments and modal analysis of smart beam  
This paper aims to research the resonance suppression of smart beam mainly about the resonance 
phenomenon, which is common in engineering, generated at the moment of starting the machine in a 
resonant frequency and study how to inhibit the transient resonance peak. 
Firstly, a vibration test system for smart beam is established getting the resonant frequency of smart 
beam by experiments. The modal analysis is done by the TestLab system belongs to the LMS Company 
of Belgium. The resonance frequency and the MAC value are shown in Tab.1. 
Tab.1 The frequency of resonance of the beam and the MAC value
Modal Frequency（Hz） A1: 1080.644Hz A2: 1698.187Hz A3: 2674.941Hz 
B1 1080.644 100.000 7.301 28.607 
B2 1698.187 7.301 100.000 5.395 
B3 2674.941 28.607 5.395 100.000 
2.2 The experimental platform 
The schematic of the system is shown in Fig.1. The signal generator generates the sine wave or 
standing wave whose frequency is specified. The signal is enlarged by driving power and a piezoelectric 
ceramic is driven so that the beam begins to vibrate. The vibration of beam is captured by FBG sensors. 
The surface strain curves of beam are acquired by fiber modem. The data is sent to computers directly and 
the computers calculate the frequency and amplitude of beam vibration based on the surface strain curves 
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and then gets the output control signals. The control signal is enlarged by driving power and another 
piezoelectric ceramic is driven to inhibit the vibration of beam achieving the active inhibition control. 
Fig.1 The sketch map of the system 
There are 4 pieces of piezoelectric ceramics on the cantilever of the experimental platform. The 2 
pieces of up and down consist of one group. All the polarization directions of piezoelectric ceramics are 
upward. The two groups of piezoelectric ceramics are driven by independent powers. The resonance 
inductors are serialized between power and piezoelectric ceramics. FBG sensors are pasted in the two 
ends of piezoelectric ceramics. It will generate maximum strain by pasting piezoelectric ceramics at the 
free ends of cantilever from the view of theories. The reason is that the elastic potential energy of flexible 
beam is proportional to the square of the strain. Therefore, it will be the most effective to sense and drive 
for the achievement of active control at the maximum elastic potential energy that is the maximum strain. 
But, FBG sensors are also considered to use. Because the sensors are pasted at the two ends of 
piezoelectric ceramics, the waveforms tested can best describe the vibration of cantilever. So the 
piezoelectric ceramics are pasted at the middle of cantilever in this paper. 
2.3 The driving circuit of piezoelectric ceramics 
It needs alternating voltage over 300V to drive the piezoelectric ceramics. The piezoelectric films are 
driven to vibrate according to alternating voltage over 300V enlarged by power of 12V directly in this 
experiment. The principium of the circuit is shown in Fig.2. 
The circuit is consisted of integrated timer of photocoupler NE555, driving IC of high voltage and 
power FET. NE555 is used to generate standing wave whose frequency is adjustable. Using two standing 
waves inverted each other to drive power FETs according to IR2110, the power FETs motivate 
transformer coils to generate alternating voltage to drive piezoelectric ceramics. 
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Fig.2 The principium of the circuit 
The signal generator generates standing waves of 5-30V (directed by the input voltage) and then 
through the two primary coils of differential driving transformer. The primary winding of transformer is 
32 laps. The secondary winding is 320 laps. The voltage step-up of transform drives piezoelectric ceramic 
due to the matching resonant inductor. The measured capacitance of piezoelectric ceramics after 
completed is nF3 .
According to the formula of resonant frequency  
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Since the inductor has a large capacity, several inductances are serialized to approximate the resonance 
of circuit improving the power factors.  
When the system is built, the separate powers must be used in digital circuits and power circuits and 
the two kinds of circuits are connected by common ground avoiding the FETs and transformers 
interference the work of digital circuits. 
3 Results of experiments 
The interference noise coming of smart beam from environment is shown in Fig.3 under the condition 
that the piezoelectric ceramics are not powered to work. Open a driving power and adjust the frequency 
and amplitude of input voltage, making the frequency sweep through some certain resonant frequency of 
smart beam, finding resonance peak of smart beam, observing waves of FBG sensors which is shown in 
Figure 4. Then open the second driving power and keep the first one constant making the smart beam go 
on to resonance. It can find that the signal wave of FBG sensors changes with the adjusting of the second 
driving power when adjusting the frequency, amplitude and phase of the second driving power. In the 
experiment, the resonance generated by the incentive of first driving power was inhibited when adjusting 
the frequency, amplitude and phase of the second driving power appropriately, and the signal wave of 
FBG sensors is shown in FIG.5. The experimental results show that the peak amplitude of oscillation of 
the beam was inhibited significantly near the resonance frequency achieving the basic requirements of 
active inhibition control. However, the vibration interference of beam was large due to the limited 
experimental condition, the force of piezoelectric ceramics used for vibration suppression was relatively 
small, the experimental effects were not very good. By further optimizing and designing the parameters of 
piezoelectric ceramics and driving circuits, the controlling effects are expected to be improved. 
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Fig.3 The wave of the FBG sensor no drive supply work 
Fig.4 The wave of the FBG sensor only one drive supply work 
Fig.5 The wave of the FBG sensor when two drive supply work together 
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4 Conclusion and outlook 
In this paper, the active control of smart beam was conducted. The relative circuits of piezoelectric 
ceramics were designed. After tested, piezoelectric ceramics can generate significant vibration which is 
tactile, and can produce voice wave which is distinguished by human ears (the work frequency of circuits 
is 800Hz-2 kHz). In order to improve the power factor, that is efficiency of circuits, the inductor was 
serialized between piezoelectric ceramics and transforms. The experimental results showed that the 
driving circuits could incentive the beam to generate significant vibration near the resonance frequency. 
Two independent powers were used to drive two piezoelectric ceramics in the platform, which driving 
voltage can be controlled at 350V. The working frequency of circuits can be adjusted to resonance 
frequency of smart beam, and the resonance of beam was effectively inhibited by the controlling of one 
piezoelectric ceramic supply. The experiments have tested the feasibility of platform and the correctness 
of driving circuits. 
The next step is to further improve the system of PC and piezoelectric ceramics driving, and to realize 
the control system of closed loop. In the further experiments, the FBG sensors which are in use should be 
replaced with bare fibers so that the testing accuracy can be improved. 
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